SUMMARY Over the past decade research has suggested that stutterers have bilateral cerebral motor or auditory speech areas. Three typical adult stutterers showed normal unilateral left cerebral dominance for speech on the intracarotid sodium amylobarbitone (amytal) test, but one 'dysphatic' stutterer had bilateral cortical speech representation. The latter is a very rare finding in right handed individuals and presumably is a consequence of the head injury induced aphasia that preceded the onset of stuttering.
Some 40o of children stutter, and while most subsequently remit, stuttering persists in about 1% of the adult population. These individuals can be restricted in their schooling, choice of occupation, and social contacts, and are often exposed to the same psychological stresses as other handicapped individuals. There is neither a generally accepted treatment nor general agreement on aetiology.
In the 1920s and '30s, Orton (1928) , Travis (1931) , and others developed the concept of stuttering as a manifestation of incomplete cerebral dominance for speech. While evidence available at that time was suggestive (Jasper, 1932; Bryngelson, 1935 Bryngelson, , 1940 Lindsley, 1940; Douglass, 1943) , further research was unable to vindicate this theory and interest in it subsequently dwindled. In the last decade, however, the results of new investigatory techniques have led to renewed interest in the Orton-Travis theory.
Some of Stromsta's (1964) work on the crosscorrellogram analysis of electroencephalograms (EEG) suggests a difference between stutterers and normals in terms of hemispheric dominance. Neaves (1970) has found that stuttering children with a poor prognosis tend to show poor dominance on dexterity tasks. Curry and Gregory (1969) have used the Dichotic Word Task-as developed by Broadbent and Gregory (1964) and Kimura (1967) -to investigate the degree of cerebral dominance for comprehension of meaningful verbal material in stutterers and normals. This test indicates the degree of 414 lateralization of the auditory speech area in the temporal lobe, rather than the motor speech area. Not surprisingly, Kimura has shown that it correlates well with the dominant hemisphere for motor speech, as determined by the intracarotid sodium amylobarbitone (amytal) test (Wada and Rasmussen, 1960) . Curry and Gregory obtained results that could well indicate lack of cerebral dominance of the auditory speech area in stutterers.
The most dramatic report was published in this journal by R. K. Jones (1966) . He found that all four stutterers on whom he performed the intracarotid sodium amytal test showed bilateral motor speech areas. Furthermore, all four patients stopped stuttering after surgical injury to one of their presumed speech areas, necessary in the course of managing an unrelated neurological lesion.
One case was a 13 year old left-handed boy with a left frontal astrocytoma. Another was a right-handed 27 year old man with an acute subarachnoid haemorrhage. The other two cases were left-handed adults with subarachnoid haemorrhages.
This work has been influential and has encouraged much recent research into the neurological basis of speech in stutterers. It is obvious that the report of Jones needed to be replicated in stutterers who had no additional cerebral pathology.
This is a report of four stutterers on whom the intracarotid sodium amytal test was performed in order to establish the degree of laterality of the Stuttering: an investigation i/ito cerebral dominance for speech cerebral motor speech centres. This test has been used elsewhere to determine the degree of cerebral speech dominance in at least 308 normal speakers (Branch, Milner, and Rasmussen, 1964; Serafetinides, 1965; Milner, Branch, and Rasmussen, 1966; Rossi and Rosadini, 1967) . While approximately 15% of left-handed (and ambidextrous) individuals show bilateral speech centres, such a result has been reported in only three right handers. One of these was a head injured subject reported by Milner et al. (1966) , another was reported by Rossi and Rosadini (1967) , and the third was the right-handed patient in Jones series (1966) .
This suggests that there is about one chance in 300 of a right-handed individual without cerebral pathology having bilateral speech representation as shown by this test. The findings of bilateral speech representation in typical right-handed stutterers would therefore be significant.
METHOD
The technique used was essentially similar to that described by Wada and Rasmussen (1960) , and as used in the large series of Branch et al. (1964) . The approach, however, was by percutaneous catheterization of the femoral artery with a Cook polyethylene catheter, and the use of an image intensifier and television screening to enable the positioning of the catheter in the appropriate carotid artery, via the aortic arch. Angiograms using 600% Urografin were taken to ensure correct positioning of the catheter, and also to preclude any significant crosscirculation to the contralateral hemisphere. With the patient unpremedicated, and counting with his hands held up in the position described by Wada (1960) , 200 mg 2% sodium amylobarbitone (amytal) was injected over two to three seconds. The time duration of the contralateral hemiplegia was established by observing the tone, plantar reflex, and ability of the subject to move his limbs. The catheter was then heparinized and left in place until all sedative effects of the amylobarbitone injection had worn off. This was usually about three hours. When the subject had fully recovered, the test was repeated with the catheter in the other carotid artery.
To determine the degree of dysphasia, the subjects were asked to count, name objects, recite familiar word lists, and describe simple movements carried out by the experimenter. To test comprehension, they were asked to open and close their eyes, squeeze the experimenter's hand, and to stop squeezing to a verbal cue.
The first three subjects (1-3) were young adult males with no evidence of neurological or significant medical disorder, apart from a typical history of stuttering since early childhood. All had been previously treated for their stutter in an intensive three week inpatient course at Prince Henry Hospital, which enjoys a gratifyingly high improvement rate. Despite this generally successful programme, which is based on the use of delayed auditory feedback procedures coupled with a token reward system, these individuals returned with moderately severe stutters, and, after the possible hazards of the procedure were described to them, volunteered for this series of investigations.
The Stuttering: an investigation into cerebral dominance for speech speech and purposive movements at 60 seconds; 2 minutes; 2 minutes, 40 seconds; 3 minutes. He counted (1-10) at 2 minutes, 35 seconds and replied to question with 'no' at 3 minutes, 50 seconds.
Hemiplegia was gone at 3 minutes, 50 seconds. (Rossi and Rosadini, 1967) . It is probable that the non-dominant hemisphere was recruited in order to overcome the dysphasia. There is no direct evidence that this change was related to the aetiology of his stutter. It is worth noting that three cases of 'dysphatic' stuttering after left temporal lobe lesions have been reported (Gutzmann, 1921; Froeschels, 1931; and Arend et al. (1962) -quoted by Arend, Handzel, and Weiss, 1962 . The head injury sustained in 1965 by the fourth case in this series was extensive and significant left temporal lobe involvement is likely.
Finally, it should be realized that left-handed and ambidextrous individuals show no increased incidence of stuttering (Andrews and Harris, 1964 ) despite a 15% incidence of bilateral speech representation in these groups. Furthermore, in those left handers shown to have bilateral speech centres on intracarotid amylobarbitone tests (Rasmussen, 1971; Rossi, 1971) , no stuttering was noted. It would thus appear that the aetiology of stuttering is more obscure than Jones's work suggests. The concept of incomplete cerebral dominance in stutterers is tantalizing and, in terms of auditory speech areas, is still plausible. Nevertheless, this investigation was unable to duplicate Jones' findings of bilateral motor speech areas in stutterers.
